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Abstract
Let c be a k-coloring of a (not necessary connected) graph H. Let
∏
= {C1,C2, · · · ,Ck} be the partition of V(H) induced by c,
where Ci is partition class receiving color i. The color code c∏(v) of a vertex v ∈ H is the ordered k-tuple (d(v,C1), d(v,C2), · · · ,
d(v,Ck)), where d(v,Ci) = min{d(v, x)|x ∈ Ci} for all i ∈ [1, k]. If all vertices of H have distinct color codes, then c is called a
locating k-coloring of H. The locating-chromatic number of H, denoted by χ′L(H), is the smallest k such that H admits a locating-
coloring with k colors. If there is no integer k satisfying the above conditions, then we say that χ′L(H) = ∞. Note that if H is a
connected graph, then χ′L(H) = χL(H). In this paper, we provide upper bounds for the locating-chromatic numbers of connected
graphs obtained from disconnected graphs where each component contains a single dominant vertex.
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1. Introduction
The locating-chromatic number of a graph is a combination between the concept of graph coloring and partition
dimension of graph. There are many applications of graph coloring in various ﬁelds, for instance, this notion plays
an important role in solving scheduling problems, storage problem of chemical substances and placement problem of
particular diﬀerent objects [7].
Chartrand et al. [5] introduced the concept of the locating-chromatic number of graph in 2002. They determined
the locating-chromatic number of paths and double stars. Futhermore, for n ≥ 5, Chartrand et al. [6] also proved
that for any integer k ∈ [3, n] and k  n − 1, there is always a tree of order n with the locating-chromatic number
k. Some researchers also determined the locating-chromatic number of some families of trees. Asmiati et al. de-
termined the locating-chromatic number for ﬁrecrackers [3]. They also determined the locating-chromatic number for
amalgamation of stars [1]. Welyyanti et al. [9] showed locating-chromatic number of complete n-ary trees. Syofyan et
al. [8] also determined locating-chromatic number of homogeneous lobsters. For characterization of trees, Asmiati et
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al. [2] characterized graphs containing cycle with locating-chromatic number 3. For characterization non-tree graphG,
Asmiati and Baskoro[4] characterized all G with locating-chromatic number 3. Further characterization results can be
seen in[6] for all graphs order n with locating-chromatic number n − 1.
In [10], Welyyanti et al. generalized the deﬁnition of locating-chromatic number, so that it can also be applied to
disconnected graph. We also determined the lower and upper bounds of the locating-chromatic number of a discon-
nected graphs. Let c be a k-coloring of a (not necessary connected) graph H. Let
∏
= {C1,C2, · · · ,Ck} be the partition
of V(H) induced by c, whereCi is the set of all vertices receiving color i. The color code c∏(v) of a vertex v ∈ H is the
ordered k-tuple (d(v,C1), d(v,C2), · · · , d(v,Ck)), where d(v,Ci) = min{d(v, x)|x ∈ Ci} for all i ∈ [1, k]. If all vertices of
H have distinct color codes, then c is called a locating k-coloring of H. The locating-chromatic number of H, denoted
by χ′L(H), is the smallest k such that H admits a locating-coloring with k colors. If there is no integer k satisfying
the above conditions, then we say that χ′L(H) = ∞. Note that if H is a connected graph, then χ′L(H) = χL(H). For
any locating-coloring c of graph G, deﬁne a dominant vertex as a vertex v with d(v,Ci) = 1 for all color set Ci not
containing v. In this paper, we determine the locating-chromatic number for graphs which obtained from disconnected
graphs where each component contains a single dominant vertex.
2. Main Results
Our main results are summarized in the following theorems.
Theorem 1. Let H =
⋃r
t=1 Gt with χ
′
L(H) = k, r ≤ k and there is a locating-coloring c of H such that each Gt has
exactly one dominant vertex. If G∗ is a connected graph obtained from H by connecting only dominant vertices in all
Gt then χL(G∗) ≤ k.
Proof. Let c be locating k-coloring for H. We deﬁne a coloring for G∗, c∗ : V(G∗) → {1, 2, · · · , k} such that c∗(x) =
c(x), for x ∈ V(H). Let Ci be all vertices have color i, for i ∈ [1, k]. Let π = {C1,C2, · · · ,Ck} be partition of V(G∗)
which is induced by c∗. Since H have χL(H) = k, all vertices in H have distinct color codes. We will prove all vertices
in G∗ have distinct color codes. To prove that, we will prove dG∗ (x,Ci) = dG(x,Ci). That means distance of every
vertex in V(G) to Ci equal to distance every vertex in V(G∗) to Ci, for i ∈ [1, k]. If ui is the dominant vertex in Gi ∈ H,
then dG∗ (x,C j) ≤ dG∗ (x, ui) + 1 for every j ∈ [1, k] and i ∈ [1, r]. Since we use locating k-coloring of H for vertices
coloring in G∗, we get dG∗ (x,Ci) = dG(x,Ci). Consequently, χL(G∗) ≤ k.
Corollary 2. Let Ti be any tree on mi vertices with χ′L(
⋃r
i=1 Ti) = k, r ≤ k, there is a locating-coloring c of H such that
each Ti has exactly one dominant vertex and T1 is a star. If G∗ is a connected graph obtained from H by connecting
dominant vertices in Ti then χL(G∗) = k.
Furthermore, we will determine a connected graph that is obtained by connecting dominant vertices in every
component to a new vertex x0.
Theorem 3. Let H =
⋃r
t=1 Gt with χ
′
L(H) = k and there is a locating-coloring c such that each Gt has exactly one
dominant vertex. If G′ is a connected graph that is obtained from H by connecting only dominant vertices in all Gt to
new vertex x0 then
χL(G′) ≤
{
k, if r < k,
k + 1, if r = k. (1)
Proof. We only prove upper bounds on locating-chromatic number for G′. Let ui be the dominant vertex in Gi, for
i ∈ [1, r]. Let c be locating k-coloring for H. Let c′ be coloring for G′. We deﬁne a coloring for G′ c′ : V(G′) →
{1, 2, · · · , k} such that
c(x0) = i0, i0 ∈ {1, 2, · · · , k}\{c(ui)|i ∈ [1, r]}
c′(x) = c(x), for x ∈ V(H)
Let Ci be all vertices have color i, for i ∈ [1, k]. Let π = {C1,C2, · · · ,Ck} be partition of V(G′) which is induced by
c′. Since H have χL(H) = k, all vertices in H have distinct color codes. For G′, we have a new vertex x0 which is the
new dominant vertex in G′. That means x0 will be have diﬀerent color code with all vertices in G′.We will prove all
vertices in G′, (except x0) have distinct color codes. To prove that, we will prove dG′ (x,Ci) = dG(x,Ci). That means
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distance of every vertex in V(G) to Ci equal to distance every vertex in V(G′) to Ci, for i ∈ [1, k]. If ui is a dominant
vertices in Gi ∈ H, then dG′ (x,C j) ≤ dG′ (x, ui) + 1 for every j ∈ [1, k] and i ∈ [1, r]. Since we use locating k-coloring
for vertices coloring in G′, we also get dG′ (x,Ci) = dG(x,Ci). Consequently, χL(G′) ≤ k.
Next, we shall prove the second part of this theorem. Let c′ be coloring forG′. We deﬁne c′ : V(G′)→ {1, 2, · · · , k}
such that
c(x0) = k + 1
c′(x) = c(x), for x ∈ V(H)
Let Ci be all vertices have color i, for i ∈ [1, k]. Let π = {C1,C2, · · · ,Ck} be partition of V(G′) which induced by
c′. Since H have χL(H) = k, all vertices in H have distinct color codes.For G′, we have a new vertex x0 which has a
new color k + 1. That means x0 will be have diﬀerent color code with all vertices in G′. For prove that, we can prove
dG′ (x,Ci) = dG(x,Ci). We will prove all vertices (except x0) in G′ have distinct color codes.That means distance of
every vertex in V(G) to Ci equal to distance every vertex in V(G′) to Ci, for i ∈ [1, k]. If ui is a dominant vertices in
Gi, then dG′ (x,C j) ≤ dG′ (x, ui) + 1 for every j ∈ [1, k] and i ∈ [1, r].We use locating k-coloring for vertices coloring
in G′ so we get dG′ (x,Ci) = dG(x,Ci). Consequently, χL(G′) ≤ k.
We know that the star K1,n is a graph with one dominant vertex with locating-chromatic number n + 1. As an
application of Theorem 2, we have the following corollary. We have the equality sign, since χL(G′) cannot be lower.
Corollary 4. Let H = mK1,n, for m ≥ 2 and n ≥ 3. If G′ is a connected graph obtained from H by connecting the
centers of all K1,n to a new vertex x0 then
χL(G′) =
{
n + 1, if m ≤ n,
n + 2, if m = n + 1. (2)
Next, we determine the locating-chromatic number of a connected graph obtained from trees with locating-chromatic
number 3. Baskoro et al. [4] characterized all trees with locating-chromatic number 3. All such trees is non path sub-
tree which containing path aPb in Fig. 1. Its locating-coloring are also in Fig. 1. In all Fig. 1, x, y, z denote the
dominant vertices.
In previous results [11], we have the following theorem.
Theorem 5. If G1 and G2 are a non-path subtrees of graph Fig. 1 containing x, y, and z as dominant vertices, each
of which contains the path connecting vertices a and b then χ′L(G1 ∪G2) = 4.
Next, we will determine the locating-chromatic number for a connected graph that is obtained from H = T1 ∪ T2
by connecting exactly one pair of dominant vertices in every component Ti.
Theorem 6. Let T1 and T2 be non-path subtrees of a tree in Fig. 1 containing x, y, and z as dominant vertices, each of
which contains the path connecting vertices a and b. If G” is a connected graph that is obtained from H by connecting
exactly one pair of dominant vertices of T1 and T2 then χL(G”) = 4.
Proof. Since subtree Ti, i = 1, 2, has at least two dominants and graph G” is a connected graph obtained from H by
connecting exactly one pair of dominant vertices, then we have χL(G”) ≥ 4. Next, we shall prove the upper bound of
locating-chromatic number of G”. Let ci be a locating 3-coloring of Ti, for i ∈ [1, 2]. Let c” be a coloring of G”.We
deﬁne c” : V(G”)→ {1, 2, 3, 4} such that:
c”(u) = 4, for u as dominant vertex in T1.
c”(x) = c′(x) for x ∈ Ti and i ∈ [1, 2].
Next, we will show that all color codes of vertices in V(G”) are distinct. Let x, y ∈ V(G”) with d(x, u)  d(y, u).
It is obvious that cΠ(x,C4)  cΠ(y,C4). Let x, y ∈ V(G”) with d(x, u) = d(y, u). Since we use the coloring in Ti for
coloring in G”, all non dominant vertices in G” will have diﬀerent color codes. It means cΠ(x,Ck)  cΠ(y,Ck), for k
is 1, 2, or 3. Thus, all vertices have diﬀerent color codes. So, χL(G”) ≤ 4. Consequently, χL(G”) = 4.
Note that by using Theorem 6 we can construct a big class of trees having locating-chromatic number 4. Up to
now, characterizing all trees with locating-chromatic number 4 is still an open problem.
Acknowledgement. This research was supported by Research Grant ”Program Hibah Riset Unggulan ITB-DIKTI.
Ministry of Research, Technology and Higher Education, Indonesia.
92   Des Welyyanti et al. /  Procedia Computer Science  74 ( 2015 )  89 – 92 
Fig. 1. All trees with locating-chromatic number 3.
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